Coffee is the one of the most consumed beverage across the world. Therefore, it has a commercial value and social importance. Coffee consumption continues to increase due to its physiological effects, its pleasant taste, aroma and many health benefits. In this study six different coffee samples from six different countries were analyzed for determining concentration of 17 elements by using inductively coupled plasma optical emission spectroscopy (ICP-OES). According to the obtained results, elements were classified into three groups of macro, micro, and trace elements according to their concentration; among the macro elements potassium concentration were highest (10508 mg/L) average concentration in all samples; whereas the average concentration of calcium were found to be lowest (296.33 mg/L) in this group. Micro elements showed the concentration order of: Sr > Mn > Fe > Al > Ba > Cu > Zn by concentration of 12.66, 12.28, 6.35, 3.81, 3.79, 3.05, and 2.61 mg/L respectively. Concentrations of selenium were higher than all other elements in the group of trace elements by average concentration of 0.61 mg/L. The results obtained in this study showed there are significant differences between different elemental content of different coffee samples grown in different region.
Introduction
Coffee is one of the most consumed drinks in world that it is ranked after petroleum as the second most traded global commodity [1] and it is exported to more than 167 different countries with more than 9.0 million ton annual consumption in recent years [8] . Coffee is an agricultural product that plays an important role in the international trade [2] .
Coffee is an important plantation crop which belongs to the Rubiaceae and genera Coffea family; they are shrubs or small trees ( Figure 1 ). Usually the coffee plant is a woody perennial tree that is growing at region of higher altitudes [5] . Coffea arabica (Arabica coffee) and Coffea canephora (Robusta coffee) are the most important types among 70 different species of genera Coffea that have been reported. There is difference in caffeine contents, taste, and appearance between these two varieties. Arabica coffee is favored by a hedonic trend of consumers as compared to Robusta coffee [5] . It is recognized that the coffee beverage is a rich source of elements, including those that are essential for the human health, in addition to non-essential elements and even toxic to human take up from a polluted soil [2] . Coffee contains various elements such as Na, B, Mg, Fe, Ca, K and many other elements. These elements have various effects on human health such as Na helps to regulate the body's water balance. [3, 9] . Mg is a cofactor of enzyme systems [10] . Fe is an important for normal human physiology and for most life forms [12] . Therefore, the determination of total concentrations of elements in coffee enables to assess its nutritive quality and also helps to judge its possible ill-effect that may cause to the human health [2] .
Information available in literature about the levels of the trace elements present in coffee beans from different origins is limited, different analytical techniques in a number of studies have been used for the determination of some elements (major, minor and toxic element) in different types of roasted, and green coffee beans in different countries around the world [6] .
Concentration of l4 elements (Ca, Cd, Pb, Mn, Fe, Na, K, P, Mg, Cr, Ni, Co, Cu, Zn) in coffee were determined by Grembecka et al. [7] . Oliveira et al. determined amount of 9 elements (Mg, Na, Fe, Ca, K, P, Cr, Ni, and Mn) in soluble powdered instant coffees [4] . The levels of some bioactive amines, five elements (K, Na, Mg, Zn, and Mn), total ash content, pH values, and total dry matter content in ground coffee and brewed Turkish coffees were investigated by Ozdestan [15] . Stelmach, et al. measured total concentrations of Mn, Cu, Mg, Fe, and Ca, in the green coffee infusions by using high resolutioncontinuum source flame atomic absorption spectrometry [11] . Ashu et al. determined the concentrations of 11 elements (Cd, Cu, Co, Ca, Mn, K, Fe, Pb, Na, Zn, Mg) in three different brands of roasted coffee powders from Ethiopia and their infusions by flame atomic absorption spectrometry (FAAS) [6] . Szymczycha et al. compared six procedures for sample preparation, for determining the amount of (Ca, Pb, Mg, Ba, Ni, Fe, Cd, Mn, P, Cr, Sr, Zn and Cu) in slim instant coffees by inductively coupled plasma optical emission spectrometry (ICP-OES), they established that the extraction with aqua regia provides better results as compared to other digestion procedures [16] .
This study was aimed to determine the concentrations of some major, minor and trace elements in six different coffee samples from six different origins (Brazil, Colombia, Ethiopia, Guatemala, Kenya, and Yemen) where the coffee plants grown. The coffee samples were analyzed for seventeen elements (Al, As, Ba, Ca, Cr, Cu, Fe, K, Mn, Na, Ni, P, Se, Sn, Sr, Zn, and Mg) by using inductively coupled plasma optical emission spectroscopy (ICP-OES).
Materials and Methods

Chemical reagents
All of the reagents that have been used in present study were of the analytical grades. All of the prepared aqueous solutions prepared by deionized water. Concentrated HNO3 and HCl (Merck, Darmstadt-Germany) solutions were used for the digesting the coffee samples. All of the standard solutions prepared by diluting multi-element (1000µg/mL) ICP standard (Bernd Kraft der standard).
Deionized water was obtained from (Thermos -Germany) water purification system. All glassware and plastic bottles that used in this work were washed by 10% (m/v) HNO3 and rinsed many times with deionized water.
Coffee samples
Six coffee samples from six different origins (Brazil (CB), Colombia (CC), Ethiopia (CE), Guatemala (CG), Kenya (CK), and Yemen (CY)) were selected for the analysis. All coffee samples were purchased from local markets of Turkey.
Sample preparation
Digestion of the coffee samples were done by taking 0.500g of each coffee sample into a beaker and 2 ml of aquaregia (1:3 HNO3: HCl) were added then the resulting mixture were sonicated in ultra-sonic bath for 1 hour, after that 10.0 ml of deionized water were added, filtrated to remove any undissolved particle then diluted to 25 ml with deionized water.
Operating conditions for ICP -OES instrument
An ICP -OES instrument (Spectro-Arcos -Germany) used for the analysis of elements under study. The conditions of the operation of ICP -OES instrument were as follows: 1400 watts of a RF power, 13 L/min coolant flow rate, 1 L/min auxiliary flow, 0.83 L/min nebulizer flow and 1.2 mL/min of sample uptake rate. Measurements of all of the elements were done in triplicate. Table 1 shows the characteristics data of the calibration curves of elements using ICP-OES.
Results and Discussion
Analysis Results
In this study, concentration of 17 elements (Al, As, Ba, Ca, Cr, Cu, Fe, K, Mn, Na, Ni, P, Se, Sr, Sn, Zn and Mg) were determined in coffee samples by inductively coupled plasma optical emission spectroscopy (ICP-OES). According to the obtained results in this study the measured elements can be classified into three main group, due to their concentration, the first group will be named as macro or essential element because their concentrations are too high in coffee as compared to other elements and include five elements which are (Ca, K, Na, P and Mg), the concentration trend of macro elements were fund to be as follows: K > Mg > Na > P > Ca by concentration range of 9360-11635, 420.63-500.77, 240.73-353.38, 251.07-342.38, and 243.93-334.73 mg/L for K, Mg, Na, P, and Ca respectively.
Coffee beverages are one of the important sources of some micro elements like Mn, Zn and Cu which are necessary for the metabolic processes in human. Second group of elements determined in coffee in present study were some Table 1 . Characteristics data of the calibration curves of elements using ICP-OES.
Comparison with Previous Studies
Generally the results that obtained in this study showed good agreement with most of the reported values except for some of the macro elements in which the results obtained here is slightly lower than previous reported values. Table 2 . Concentrations (mg/L) of elements (mean ± standard deviation) in six coffee samples.
Comparison of the results in present study with some previous studies for determination of macro, micro and trace elements are showed in table 3, 4 and 5 respectively. The chemical composition of the coffee is mostly related to the origin in which the coffee plants grown. The primary factor connected with the elements is the soil conditions, variety of the coffee, and the methods of cultivation of the coffee plants [14] . Procedures included in the green and roasted coffee beans processing or even the methods of the brewing of the coffee are also important [7] .
The results showed that there are significant differences between the concentration of (Al, Ba, K, Na, Ni, Sr, and Zn) for coffee samples from different origins, highest amount of Al is exist in CY and lowest Al concentration is observed for CE and CG, CC contains highest amount and CY contains lowest amount of Ba; highest concentration of K were observed for CG but CK contains lowest amount of K; highest concentration of Na were observed for CY and the lowest amount observed for CE; CC contains highest amount Sr but lowest amount of Sr were observed for CB; highest concentration of Zn were observed for CK and lowest amount were observed for CE. For elements like (As, Se, Sn, and Mg) no significant differences were observed for different coffee samples. For other elements significant difference were observed between the concentrations of only one or two coffee sample with other samples. Figure (2, 3, and 4) shows the differences among the concentration of (macro, micro, and trace) elements in different coffee samples. 
Comparison with DRI of Elements
Highest concentration of each element from present study were selected to be compared with dietary reference intakes of the elements when (1 and 3) cups of coffee were used for drinking each day if approximately 3 gr of coffee were used for preparing a single cup of coffee, percent daily intake of elements also calculated and the results showed that none of the elements in coffee samples exceeds the maximum daily intake levels even in the case of drinking more than 3 cups of coffee per day, thus all six coffee samples analyzed in present study are safe according to their element content. Dietary reference intake of elements under study, compared with the results obtained in present study are showed in table 6. 
Correlation between Elements
To determine correlation between concentrations of elements in coffee samples, Pearson's correlation coefficient were assessed. As can be seen from table 4 very high positive correlation (r>0.9) is observed only for Cu-Fe, Ca-Mn, Ba-Sr and Zn-Mn pairs of elements. high positive correlations (0.7<r>0.9) exhibit the following pairs of elements: Ca-Al, Ca-Cu, Cr-Cu, AlFe, Fe-Ca, Al-Mn, Fe-Mn, Ni-Al, Ni-Cu, Ni-Fe, Ni-Mn, Zn-Al, Al-Mg, Ca-Zn, Ca-Mg, Fe-Zn, Fe-Mg, Mn-Mg, Zn-Ni, Zn-Mg, Mn-Na and Ni-Ca. while high negative correlation exist between P-K and Al-Ba. For other pairs of elements, positive or negative correlations are established and they are moderate (r= ±0.4 to ±0.7), low (r= ±0.2 to ±0.4) or almost negligible (r= 0 to ±0.2). 
Conclusion
Coffee is one of the most widely consumed beverages throughout the world. In this six coffee samples from different origins were analyzed for determination of 17 inorganic elements. Concentration of elements were determined by using inductively coupled plasma optical emission spectroscopy (ICP-OES), sample preparation procedure based on the partial decomposition in aquaregia is simple, safe, reproducible, and reliable for the determination of total concentrations of As, Ba, Ca, Cr, Cu, Fe, K, Mn, Na, Ni, P, Se, Sn, Sr, Zn, and Mg. in addition, the use of aquaregia improves the sample solubilisation, reduces the reagents consumption and the time of analysis.
The results obtained in this study showed there are significant differences between different elemental content of different coffee samples grown in different region, for most of the elements determined especially macro and micro elements coffee beans from Yemen (CY) and Kenya (CK) have higher concentration than other samples, except for the elements like Ba and Sr in which Colombian coffee beans (CC) contain highest amount and K and As in which coffee beans from Guatemala (CG) and Brazil (CB) contain higher amount of these two elements respectively. The element content of all coffee samples in present study were lower than dietary reference intake of the elements, thus all coffee samples are safe for daily usage.
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